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摘要 　本文第一部分 电化学 ,1986 ,2 (3) 2 .　 nNo回顾了 DEMS 方法原理和发展 ,这里继续介绍
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In part I See Electro Electrochemistry Chemistry , 1996 , 9 (3)id　 , the development of
DEMS has been reviewed. The following part is concerned about some experimental results ob2
tained with the help of DEMS.
1 　Applications of DEMS to the various electrode processes
1. 1 　CH3OH electrooxidation
As we know at present , DEMS technique can give us an i n sit u analysis of products , inter2
mediate species as well as information on their st ructure during the electrochemical reactions as a
function of potential or time.
During the methanol electrooxidation at Pt electrode in sulfuric acid , several types of adsor2
bate have been usually assumed , for example , COad
[1 ] , COHad
[2 ] , ( CO + COOH) ad
[3 ] 　and
(HCO/ COOH) ad
[4 ] . Heitbaum and co2workers gave an identification of the methanol adsorbate
by means of DEMS method. The results in Table 1 indicated clearly that one adsorbate needs
three electrons in order to oxidize the adsorbed species formed during methanol oxidation. There2
fore the intermediate was not COad 　 , which had been identified by vibrational spectroscopy
[5 ] ,
and COHad 　seemed to be the adsorbate. Iwasita and co2workers[6 ] , using the on2line MS tech2
nique and labelled methanol , CD3OH , found that adsorbate formed from CD3OH did not contain a
D atom , and deduced further that only COHad 　could be the adsorbed intermediate. Vielstich and
Hamnett [7 ] 　also concluded that the intermediate was C2OH by Electrochemical Thermal Desorp2
tion Mass Spectroscopy ( ECTDMS) , which was supported by i n sit u IR studies of the oxidation
process of CH3OH on Pt .
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Besides the evidence of st rong bound intermediate COHad , Heitbaum and Willsau
[8 ] 　first
gave the 　Tab. 1 　Results obtained in six different experiments for the determination of K+ 　and the number of
electrons , (n) , released by the oxidation of the adsorbate of methanol to give product CO2
Electrode
No. 103 QCO1 / C 10
10 QCOM1/ C 102 K 3 10
3 QMcOh1 / C 10
11 QMcO HM1 / C n
1 3. 39 1. 42 8 . 37 3. 01 8. 41 3. 0
1 3. 48 1. 37 7 . 87 3. 12 8. 49 2. 9
1 3. 60 1. 44 8 . 00 3. 20 8. 52 3. 0
2 4. 30 3. 23 15 . 0 2. 30 11 . 5 3. 0
3 4. 13 2. 48 12 . 0 2. 41 9. 32 3. 1
3 4. 27 2. 92 13 . 7 2. 07 9. 78 2. 9
proof that intermediate contained hydrogen using electrochemical mass spectroscopy as in Figure
1 ,they concluded that the adsorbate of methanol was the formyl group : ( H - C = O) ad. Wilhelm
and Iwasita , using ECTDMS technique , first proved the presence of hydrogen in the adsorbate
during the methanol oxidation at Pt in H2SO4 　solution
[9 ] .
1. 2 　CO2 　electroreduction
It is interesting in i n sit u DEMS detecting the electroreduction of CO2 　at gold in Na2 SO4 　
aqueous solution as a function of the rotation speed[10 ] . The experimental results in Figure 2 show
that the concomitant generation of gases , H2 　and CO could be recorded separately on mass spec2
t ra as a function of electrode potential. The mass signals of H2 　and CO with the sweep potential
Fig. 1 　Potential2time curve (top) and ion
current of m/ e = 3 response ( bot2
tom)
　Fig. 2 　Current (i) and mass signal intensity ( IMS　as func2
tion ( E) at different rotation speeds , electrolyte , 0. 1
M Na2 SO4 　 aqueous solution under CO2 　 ( p H
4. 1 and 26 ℃) ; woking electroed , gold porous thin
film disk (8 mm in diameter) sputtered on the mem2
brane ; sweep rate , 5 mV·s - 1
became sigmoidal with the increase of rotation speeds.
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　　Wasmus and Vielstich[11 ] 　carried out a direct detection of volatile products formed during
CO2 　electroreduction on different coppers by on2line mass spectroscopy using rotating cylinder
electrode technique. They proposed the following reaction mechanism :
　CO2 —→COad —→CH2ad —→CH4 　or C2 H4
and possible side reaction :
　CO2 —→CHOO —→C
Fig. 3 　Cyclic voltammogram (a) and MSCV results
for ( b) CO , (c) CO2 , as well as ( d) H2 .
Sweep rate : 10 mV·s -
In addition , i n sit u analysis of products in
electroreduction of CO2 　with Ni2Cyclam by
　Fig. 4 　Current vs. Potential curve (a) obtained
on a porous Pt electrode in 0. 5 mol/ L
H2 HO4 　solution containing 1. 2 ×10 - 2
M NaNO2 , sweep rate : 1 mV·s - 1 . (b)
Mass current vs. potential curves for (1)
m/ e = 28 (N2
+ ) , (2) 30 (NO + ) , (3)
30 but after subtracting from curve 2 the
NO + 　 fragment derived from N2O in
curve 4 , and (4) 44 (N2O
+ )
DEMS on CV at a Hg2Au mesh electrode gave a clear observation as shown in Figure 3 where the
steep rise in cathodic current was att ributed to hydrogen evolution because the same steep rise was
also observed on CV under N2 　in the same solution
[12 ] .
1. 3 　 HCOOH electrooxidation and O2 　evolution
In general , it is believed that formic acid was oxidized on Pt in a dual path mechanism.
Wolter and Heitbaum[13 ] , using 18O labelling and DEMS method , which offers the unique advan2
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tages of the on2line monitoring the volatile products and discriminating between different reaction
pathways , obtained a direct evidence for the dual path mechanism , where the ”reactive intermedi2
ate”had been suggested to be COOHad 　and the ”inhibiting intermediate”HCOad . On the condi2
tion of 18O2labelled formic acid in H216O , the 18O2labelled intermediate was oxidized to CO18O16 　
by a three2electron process in H216O , and direct oxidation of HC16O16OH in H218O formed C16O16
O. Another example using 18O labelling together with DEMS is the study on oxide layer forma2
tion and O2 　evolution on Ru and RuO2 　film in sulphuric adic
[14 ] . It was directly shown that the
oxide layer took part in the oxygen evolution process on both types of electrode. On the Ru elec2
t rode , the formation of RuO4 　was observed when oxygen evolution took place.
1. 4 　NO2 - 　of NO3 - 　electroreduction
The electroreduction of NO2
- 　(or HNO2) and NO3
- 　has received a considerable attention
because of their contribution to air pollution. The reaction products and the mechanisms had not
been sufficiently clarified. With the help of DEMS technique , Nishimura et al[15 ] 　detected the
volatile products of the electroreduction of NO2
- 　and NO3
- 　at Pt in H2SO4 　and found nit rite
was gradually reduced to NO (0. 6～1. 0 V , vs. RHE) , N2O (0. 2～0. 8 V) and N2 (0. 1～0. 6
V) in the potential ranges indicated in Figure 4 , and nit rate was reduced to N2O and N2 　simulta2
neously and transiently at potentials lower than 0. 4 V but there was no NO formed.
1. 5 　CO Adsorption and electrooxidation
In addition , the application of DEMS technique can be also found in other research fields ,
the behaviours of adsorption and oxidation of CO at Pt electrode were described in the litera2
tures[16 ,17 ] 　by using DEMS. It is of interest to note that a quantitative correlation in the elec2
t roxidation of COad 　could be achieved between the faradaic current of the electrochemical desorp2
tion process and the mass intensity of the desorption product simultaneously measured with DEMS
by Wolter and Heitbaum[16 ] . With the help of the method , they found two kinds of adsorbed
CO , but did not observe the existence of ”reduced”CO at Pt electrode. For the strongly bound
intermediate of small organic molecules , such as formic acid , methanol as well as ethanol , their
evidence of the intermediate species and the structure of the adsorbate have been also directly ob2
tained by DEMS together with isotope labelling[18 ] .
1. 6 　Unsaturated hydrocarbon electroreduction
There were lots of publications on DEMS studies of unsaturated hydrocarbons such as C2 H2 ,
C6 H6 　and so on , at Pt single crystal electrodes in recent years
[19～23 ] . Kita and GAO investigated
electroreduction of acetylene (C2 H2) at Pt single crystal electrodes in H2 SO4 　solution
[23 ] 　and ob2
served that Pt (110) showed the best catalyst for the reaction of C2 H2 　with H , which mainly pro2
duced C2 H2 　with a small part of C2 H6 　as shown in Figure 5. The electrochemical reactivity of Pt
(100) electrode lies between Pt (110) and Pt (111) for the hydrogenation of acetylene. Balt r2
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uschat and co2workers discussed the electrochemical behaviour of benzene (C6 H6) at Pt , Rh and
Pd single crystal electrodes in H2 SO4 　solution by DEMS measurements
[19～21 ] . It is obvious that
desorption from Pt (111) electrode mainly produced benzene itself , whereas all adsorbed benzene
molecules of Pt (110) were hydrogenated to cyclohexane. Less than a half of the adsorbate on Pt
(100) was desorbable at the negative potentials. Hydrogenating desorption of the benzene adsor2
bate decreased in the order of Pt > Rh > Pd.
　Fig. 5 　Mass signals as function of time for the products of the acetylene elec2
troreduction on Pt single crystal electrodes in 0. 5 M H2 SO4 , scan rate :
10 mV·s - 1
2 　Summary
The applications of
the DEMS method have
been found in some elec2
t rochemical processes ,
such as reactions of
CH3OH , HCOOH ,
NO2
- (or NO3
- ) , CO2 ,
CO , O2 　as well as un2
saturated hydrocarbon at
the different kinds of
electrodes. It is very
promising for the further
studies and i n sit u anal2
ysis on intermediate
species , st ructure prop2
erties of
intermediates andcompositions of the faradaic efficiencies in a quantitative manner for the con2
comitant generation of gases as a function of electrode potential or time during the electrochemical
reaction by the method of the DEMS technique.
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